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MANUFACTURING  TECHNOLOGY  STUDY 


INTRODUCTION 

~~  This  volume  contains  a candidate  manufacturing  technology  (MT) 

plan  for  Navy  electronics  formulated  as  a result  of  the  study 
described  briefly  in  Volume  I and  in  detail  in  Volume  III  of  this  report. 
The  purpose  of  this  volume  is  to  give  information  on  the  aspects  of  the 
pregram  such__as 

^ (^P  savings  minus  investment, 

'7  0 savings  to  investment  ratio  , 

^ timeframe, 

■ applicable  weapons  systems  j, 

manufacturing  cost  category  of  cost  saving^ 

''  on  an  overall,  as  well  as  individual,  project  basis.  — 


t 
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The  following  general  rules  were  followed  in  setting  up  the 

program: 

• Project  costs  were  obtained  in  present  dollars  from 
firms.  Implementation  costs  for  one  production 
line  were  included  if  appropriate.  Further  costs 
to  implement  at  additional  lines  are  not  included 
as  it  is  possible  that  such  activities  would  not 
be  funded  out  of  the  Navy  MT  program. 
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• Timeframe  estimates  were  obtained  in  addition. 

The  earliest  any  new  project  was  started  was  FY80. 
since  the  FY78  and  79  MT  plans  are  already  fairly 
firm.  However,  if  appropriate,  suggestions  for 
reprogramming  of  funds^  in  FY79  were  included. 

• Project  savings,  in  present  value  dollars,  were 
estimated  from  industrial  estimates  of  cost  savings 
(weighed  for  technical  risk)  assuming  that  the 
project  was  successful. 

• Cost  savings  categories  - as  developed  in  Vol.  I, 
Table  5a,  b,  for  each  project  are  reported  and 
projects  are  ranked  by  category. 

§ Weapons  systems  of  applicability  for  the  projects 
are  listed,  and  projects  are  ranked  by  the  appli- 
cable weapon  system  of  savings  impact. 
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Rankings  by  highest  savings  minus  investment  are  given.  Savings  to 
investment  ratio  is  calculated  in  addition,  A study  of  the  variation  of 
rank  due  to  changes  of  the  standard  interest  rates  of  10  percent  and 
annual  inflation  of  4 percent  indicated  little  sensitivity  to  these 
parameters. 

LIST  OF  PROJECTS 

The  titles  of  the  101  candidate  projects  are  given  in  Table  1 in 
order  of  an  arbitrary  index  assigned.  More  detailed  descriptions  of  each 
project  are  found  in  Appendix  A of  Volume  III. 

PROJECT  RATING 

Projects  were  rated  by  expected  savings  minus  investment  and  savings 
to  investment  ratio.  Table  2 contains  a prioritized  list  by  highest  net  gain. 

Projects  were  evaluated  initially  on  a 4-year  procurement  cycle 
for  cost  savings,  assuming  both  that  all  projects  would  be  successful,  and 
that  their  savings  are  applied  to  all  electronics  in  the  related  class 
(e.g.,  a cost  savings  for  one  project  in  missile  electronics  is  applied  at 
the  end  of  the  project  to  all  missile  electronics).  This  procedure  produces 
favorable  returns,  and  is  used  uniformly  for  all  projects.  In  order  to 
estimate  the  effect  of  cutting  out  projects  with  lower  S/I  on  savings, 
a sample  of  93  projects  were  studied  as  to  the  joint  distributions  of  these 
variables.  Figure  1 shows  the  distribution  of  savings  to  investment  ratio 
(S/I)  for  a sample  of  93  out  of  lOi  projects  rated  as  described.  The  scale 
is  linear  in  project  number,  but  logarithmic  in  S/I.  Note  a "tail"  of  low 
return  projects  superimposed  on  a typical  log-normal  distribution.  If  one 
cuts  all  projects  with  an  S/I  of  3.2  or  less  (14  projects),  the  tail 
largely  disappears.  Figure  2 shows  the  expected  savings  (the  average  of 
nominal  and  risk  adjusted)  on  a similar  plot.  The  dotted  lines  show  the 
effect  of  removal  of  the  14  projects  on  the  low  S/I  criteria.  Again  this 
produces  a log-normal  distribution,  this  time  in  project  savings.  A cut  on 
projects  S/I  3.2  or  less  on  the  set  of  101  projects  would  produce  a project 
sample  of  82  projects.  These  plots  were  made  with  interim  project  data, 
and  the  cut  was  reinvestigated  when  final  report  data  was  available.  The 
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overall  effect  of  the  cut  is  to  increase  S/I  by  about  20%.  There  may  be 
other  reasons  for  including  projects  that  have  a low  S/I.  One  factor  may 
be  large  indirect  benefits  such  as  lower  weight  (particularly  for  missile 
and  avionics  systems). 

Projects  ranked  by  highest  net  gain  (gain  = savings-investment)  but 
savings  to  investment  ratios  are  listed  also  in  the  computer  output.  These 

ratings  are  based  on  current  best  information  as  of  mid  FY77  but  updates 
to  project  costing  due  to  altered  technological  risk  factors  and  changed 
procurement  projections  will  vary  ranking  prior  to  FY80. 

PROJECTS  RATED  BY  COST  SAVINGS  CATEGORIES 

Projects  were  aggregated  into  the  appropriate  cost  savings  category 
and  summarized.  The  cost  categories  are  those  used  in  Volume  I,  Table  4a, 
b,  and  printed  in  the  output  in  an  abbreviated  form  (Table  3).  In  the  out- 
put X indicates  the  Table  4a  product  cost  factor,  and  y the  Table  4b 
process  cost  factors. 

PROJECTS  RATED  BY  MAJOR  WEAPON  PROCUREMENT 

Lists  of  the  projects  rated  against  major  weapons  procurements, 
missiles,  aircraft,  ships  and  other  electronics  are  presented  in  the 
output  in  format  similar  to  that  used  previously  where  appropriate 
project  savings  are  allocated  to  specific  Navy  weapon  systems  by  the  NEMTA 
program.  The  following  table.  Table  4,  shows  this  allocation.  In- many 
cases  projects  are  applied  to  more  than  one  weapons  system;  however,  the 
cost  for  multiple  application  is  not  accounted  for  as  it  is  possible  that 
the  further  implementation  will  not  be  funded  directly  by  MT  funding. 

PROJECT  RECOMMENDATIONS  FOR  FY82  to  84 

The  out-years  FY82  to  84  represent  an  opportunity  for  increased 
benefit  from  manufacturing  technology  by  addressing  indirect  costs. 

Reduced  weight  and  power  consumption  and  increased  reliability  affected 
by  improvements  in  manufacture  ought  to  be  used  as  additional  criteria 
in  project  selection.  Many  projects  begun  in  the  FY80-81  timeframe  will 
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mature  into  effective  cost  saving  mechanisms.  Table  5 represents  a 
compe.fdium  of  key  technology  for  costs  for  the  period  1978  to  1990  and 
Table  6 lists  programs  already  identified  in  this  study  that  are  apparently 
responsive  to  the  future  projected  needs. 

Naturally  these  projects  will  evolve,  new  technologies  will  emerge 
and  procurement  priorities  will  change;  however,  at  this  point  in  time 
(mid  1977)  it  appears  that  the  candidate  Navy  MT  program  does  have  a future 
oriented  component  that  will  serve  as  a framework  for  the  program  in  the 
FY82-84  timeframe. 

SUMMARY 

A candidate  plan  has  been  outlined  involving  a number  of  elements, 
and  methods  to  select  orojects  have  been  advanced.  Certain  projects  are 
too  specialized  to  be  rated  versus  the  broad  categories  used  initially 
(Table  3),  yet  are  good  candidates  when  analyzed  for  specific  weapons 
procurements  (Table  4).  If  all  projects  from  Table  3 of  S/I  2.9  or  greater 
are  included  along  with  projects  28,  44,  60,  75  and  78  which  rate  well 
from  Table  4 (specific  systems  application),  a present  value  program  of 
31. 3M  worth  of  projects  returning  between  580  and  825M  in  savings  over  a 
4-year  period  is  indicated.  The  average  S/I  is  22  with  an  average  project 
cost  of  401K. 
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S/I  4 YEAR  EVALUATION 


Figure  1.  Distribution  of  Savings-to-investment  Ratio 
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List  of  Candidate  Electronics  MT  Projects 
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Proj.No. 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


Title 

Metal  Core  PCB 

Conformal  Coating  - Moisture  Seals 

Group  Technology/Parts  Classification 

Cost  Savings  via  Standardized  Soldering  Specifications 

Smear  Free  Interconnect  Holes  - PCB 

Computer  Controlled  Pattern  Printing 

Automatic  Gang  Probing  of  Multilayer  Thick  Film  Substrates 

Revision  of  Rework  Standards  - Hybrid  Circuits 

Vapor  Soldering  - Automated  Assembly 

Interactive  Fault  Isolation  Software 

Data  Link  - Supplier/ Assembler 

Automated  Fault  Isolation 

Automated  Hybrid  Circuit  Assembly  Justification 

Low  Cost  Hybrid  via  Redesign  for  Manufacturability 

Manufacturing  Methods  for  Magnetic  Components 

Automated  Laser  Bonder  for  Hybrid  Microelectronics 

Computerized  Ion  Beam  Resistor  Trimming 

SAW  Device  Replication 

Leadless  Inverted  Devices 

R.  F.  Packaging  Techniques 

Electron  Beam  Imaging  System 

Electron  Bombarded  Device  MT 

Thin  Silicon  Layer  Technology 

High  Dose  Shallow  Profile  Ion  Implantation  Systems 

Encoder  Improvement  Program 

Evaluation  of  Electrochemical  Etching  Process 

Adaption  Control  of  Drill  Temp  - PCB  Board  Application 

Coaxial  Magnetron- Design  for  Manufacture 

Manufacturing  Methods  - Frequency  Agile  Magnetrons 

"Nasglow"  Plating  on  Connectors 

Low  Cost  Machine  Insertable  Tantalum  Capacitors 

Fibre  Optics  Signal  Cables 


Table  1 

List  of  Candidate  Electronics  MT  Projects 
- continued  - 
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Proj . No. 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 


Title 

GaAs  FET/ Rep la cement  for  TWT 

Patterned  Polyimide-Si loxane  Coatings 

Ultra  Thin  Copper  Clad  Laminates 

Lightweight  R,  F.  Stripline  Assembly 

Low  Cost  MicroChannel  Plates 

GaAs  Microwave  Circuits  - Manufacturability 

NMOS  Memory-Tri  Metal  ROM 

Low  Cost  Polyimide  mW-PWB's 

Semi -Automated  Mi  nature  TWT  Assembly 

Not  Used 

Large  Scale  Hybrid  Assembly  and  Test-Automation 

Computer  Controlled  Machine  Tools 

Improved/Automated  Standard  Machining  Processes 

Automated  PCB  Insertion 

Flat  Wire  Interconnects 

Automatic  Sonar  Test  Equipment 

Microprocessor  Replacement  in  Digital  Sonars 

Automated  Wiring  System 

Computer  Processed  Shop  Instructions 

Substitution  of  Gold  Plating  - Interconnections 

Mechanized  Fabrication-Flexible  Multilayer  PCB 

Water-Soluble  Organic  Flux  Flow  Soldering 

HF  Removal  Technique-Drill  Smear  PCB 

Automated  Cable  Harness  Manufacture 

N/C  Cable  Harness  Assembly  Machine 

Environmental  Test  Automation 

Automated  Optical  Inspection  PCB 

Near  Field  Antenna  Measurement 

Production  Test  Modeling 

Improved  Analog  Circuit  Automated  Fault  Isolation  Software 
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Pro j. No. 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 


Table  1 

List  of  Candidate  Electronics  HT  Projects 
- continued  - 

Title 

Improved  Test  Methods  - MOS-Rad  Hard  IC's 

Automated  PCB  Board  Test  Equipment  Development 

Ribbon  Sapphire 

CMOS  Custom  Library 

N/C  Machine  Calibration 

Thick  Film  Printed  Hybrid  Seals 

Plastic  Molded  Microwave  Components 

Laser  Welding  of  Cabinets 

Projection  Printing  SAW  Device  Manufacturing 

Increased  Median  Technology  Level  via  Contractor  Short  Courses 

N/C  Placement  of  Components  and  Reflow  Solder 

Semi -Automated  Core  Stringing 

Improved  Hole  Etching/Striplines 

CAD  for  Wire  Harness  - Software 

Advanced  N/C  Machine  Controller 

Laser  Welding  - Core  Memories 

"Silk  Screen"  Printing  for  PCB's 

Quick  Reaction  - Change  Capability 

Effective  Utilization  of  Automation  Interfaces 

Hierarchical  Control  Program/Robotics 

Tacti le/Visual  Sensors  on  Robotic  Arms 

Reembodiment  of  Semi  Conductors  in  LSI 

Fibre  Optics  Integrated  Structure  - Airframe 

Glue  Process  Avionics  Chassis 

Plastic  H.V.  Power  Sup.  Cabinets 

III,  V Compound  Crystal  Growth 

GaAs  FET  Yield  Improvement 

Epitaxial  YIG  Microwave  Filters 

Piezoelectric  Polymer  Films 

Composite  Materials  in  Optical  Assemblies 

Diamond  Turned  Plastic  Lenses 


Table  1 

List  of  Candidate  Electronics  MT  Projects 
- continued  - 

Title 

Vacuum  Lock  Coating  System 
Automated  Photo-Cathode  System 
Not  Used 

Monolithic  Focal  Plane  Detector  - Manufacturability 

CMOS/SOS  Manufacturability  Study 

Laser  Inspection  of  Hybrid  Circuits 

Low  Cost  Monolithic  Ceramic  Capacitors 

Closed  Circuit  Cleaning  of  PCB's 

Component  Assembly  - Automated  Operator  Assistance 

Ink  Jet  Wire  Marking  System 
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TABLE  2 


Notes  to  Assist  in  Reading  this  Output 


The  project  in  the  output  title  is  a 20  character  abbreviation 
used  for  convenience,  see  Table  1 for  exact  title  of  the  projects. 

The  symbol  x is  used  for  the  product  cost  category  - reference 
Table  4a  Volume  I,  an  abbreviated  description  is  given  in  output. 

The  symbol  y is  used  for  the  process  cost  category  - reference 
Table  4b  Volume  I,  an  abbreviated  description  is  given  in  output. 


PROJECT  COST  (t, THOUSANDS) 


I 


t 

S4MPLI  MANl'f  tCTUOINC 

TECHNOlOOT  projects 

ORDERED  BT 

HIGhFST  net  GAIK 

t 

050JCCT  lOCNTIf ICATION 

PROJECT  COST 

NET  GAIN 

(S. THOUSANDS) 

CUM.  PROJ.  COST 

0/1 

Prior 

NU*>0£B  »N0  TITLt 

(S. THOUSANDS) 

(UPPER) 

(LOhER) 

(s•THOusANns> 

1 

12  AUTO  fault  tsct  ATtCN 

200.0 

0754,2.1 

50521  .5 

200.0 

340.0 

i 

55  FCO  0C»  tOSO.  Ai»6 

000.0 

50500.5 

ASOaO, 7 

1000.0 

71.0 

r 

i 

01  TEST  OPTK  MODEL  AJlJ 

350.0 

5100U.0 

35666.  1 

1350.0 

152.4 

• 

05  FSO'OPT  INT  ST5  A3U 

500.0 

47705.0 

23602.5 

1050.0 

50.4 

32  FIS  OPT  SIC  CBL  A3I« 

050.0 

45447.2 

36227.7 

2500.0 

70,9 

* 

52  ELEC  CONNECPLATEA502 

350.0 

35227.8 

26333.4 

2850.0 

101.7 

7 

50  AUTO  PIPE  STS 

2500.0 

25149.8 

15654.9 

5350.0 

12.7 

• 

04  PE-EMBODIMENT  LSI 

550.0 

27425.4 

24587.8 

6300.0 

25.5 

07  PLAS  HV  CAH3  A7T3 

300.0 

22650.7 

20355.6 

6600,0 

70.5 

to 

23  ThINSILATOTEC  DNA506 

1100. 0 

15414.1 

12565.4 

7700.0 

10.7 

It 

101  CL. CP. CL. PCS  Asa7 

55.0 

18584.6 

16002.6 

7795.0 

156.6 

1 

12 

SO  QK  PEACTON  CNG.CAP. 

2100.0 

IBl 16.4 

8008.2 

9895.0 

5.6 

13 

4 SOLOEP  SPC.IPLACE 

700.0 

17582.1 

19105.3 

10595.0 

20.7  • 

1« 

3 CHOUP  TCCh/PAPTS  CL3 

750.0 

17151.8 

0220.5 

11345.0 

23.5 

15 

00  CMOS  CUSTOM  LIB  A|24 

750.0 

15812.7 

14156.4 

12055.0 

22.1 

I* 

00  GLUE  AV-CHASIS  AA02 

100.0 

15027.2 

13514.5 

12155.0 

151.3 

17 

43  LSHTPPID  ASST  AllOA 

300.0 

14758.7 

10241.1 

12455.0 

50.2 

t« 

54  HATEPSOLFLUXSOL  AS62 

450.0 

12155.2 

10151.4 

12945.0 

20.5 

15 

05  PIBSON  SAPPHIRE 

750.0 

12147.5 

5659.0 

13055.0 

17.2 

20 

70  LASER  MELDING  CARINT 

500.0 

10630.7 

7291.5 

14195.0 

22.3 

21 

30  SUS  AU  PN  PLATE  ASOt 

150.0 

10282.1 

7074.1 

14345.0 

05.0 

22 

24  ION  IMPLANTION  0NA44 

500.0 

5674.6 

0558.2 

14925.0 

17.7 

23 

53  PECH  FLEXRC  PCM  ASttO 

550.0 

5316.7 

0356.7 

15475.0 

17.5 

2* 

35  ULTRATmIN  MlCPnc  A72 

300.0 

8690.1 

3248.1 

15855. C 

23.5 

25 

to  HTBPO  LAS  BNO  0NAS75 

400,0 

0138.7 

3869.3 

16255.0 

21.4 

2* 

17  lONRCSISITRIM  DNAS77 

430.0 

8108.7 

5574.0 

16685.0 

15.5 

27 

51  COMP  SHOP  INSTRUCT 

200.0 

7817.8 

5420.5 

10885.0 

40.2 

20 

50  CMC3/S0S  HANU  41258 

600,0 

7464.5 

5448.4 

17485.0 

13.4 

25 

13  AUTO'HTS  ASMBLT 

020.0 

0950.3 

3105.1 

10105.0 

12.3 

30 

21  EL  BM  LSI  CIP  0NA415 

000.0 

0453.8 

2946.5 

18705.0 

11.0 

31 

102  OP.ASST.ASSMSL  AS05 

70.0  • 

5585.0 

a«7a,2 

10775.0 

00.6 

32 

5 PCB  3MEAP  FREE  MOLES 

150.0 

5058.3 

3335.0 

10525.0 

38.7 

33 

77  Ay.NC  MACH  CONTROL 

400.0 

5408.1 

3556.2 

15325.0 

14.5 

3« 

45  PLASTIC  MICROHV  COMP 

140.0 

5105.3 

4700.8 

15465.0 

30.5 

,35 

72  TECH  SH. COURSE 

1000.0 

5300.1 

1050.0 

21065.0 

4.3 

30 

20  PCB  ELCHEM  ETCH  4832 

50.0 

5154.0 

3871.5 

21161.0 

55.1 

37 

30  LICHTPT  RF  STPIPLIOE 

120.0 

4929.1 

3066.5 

21201.0 

42.1 

..  30 

11  DATA  LNK-SUPPLP/aSmS 

50.0 

4882.2 

3045.1 

21331.0 

50.6 

35 

75  SLK  SCPN  PPNTNG  PCBS 

150.0 

4057.2 

3485.4 

21481.0 

32.3 

•0 

55  SMEAPFREEPCS  AP3o 

250.0 

4156.5 

3054.5 

21731.0 

17.6 

• 1 

50  AUTOCBLEHARNESS  AS30 

550.0 

3022.5 

2575.6 

22281.0 

7.6 

02 

00  HTBPIO  seal  pings 

70.0 

3560.2 

2034.2 

22351.0 

51.5 

43 

5 vapor  soldering 

110.0 

1520.2 

3157.2 

22401.0 

33.0 

€M 

1 PCO  metal  CORE 

105.0 

3300.0 

1506.0 

22046.0 

10.0 

45 

57  0/C  CSL  HARNESS  AS05 

500.0 

3272.5 

2225.6 

23546.0 

4.6 

4* 

45  AUTO  STO  MACH  PROCSS 

500.0 

3172.1 

2804.9 

.24040,0 

7.3 

47 

10  interactive  testing 

50.0 

1165.5 

2200.0 

24056.0 

64.3 

4t 

27  PCS  DRILLING  AS33 

00.0 

2821.5 

1001 .2 

24176.0 

30.3 

44 

03  VOS  RAO  HRO  TST  4231 

300.0 

2821.3 

2353.1 

24470.0 

10.4 

50 

0 REMORK  STO  MVS  CIR 

000.0 

2769.4 

1527.1 

25070.0 

5.0 

51 

St  STO. AUTOM. interfaces 

150.0 

2004.1 

2320.7 

25226.0 

10.4 

52 

07  N/C  calibration 

30.0 

2513.5 

2005.1 

25256.0 

04.8 

53 

70  CAO  PIPE  HRNSS'SFThR 

120.0 

2251.6 

1000.7 

25370.0 

20.1 

54 

0 PCB  COMPUTER  plating 

70.0 

2251.3 

1324.0 

25040.0 

33.2 

55 

4/  FLATnIREINERCONNECT 

75.0 

2220.1 

1646.3 

25521.0 

30.0 

f 

50 

40  POLTIMIOE  MLB  A74l 

250.0 

2073.3 

1452.5 

25771.0 

5.3 

57 

103  JNK  JET  MIR  mk  aSS2 

1000.0 

1541.6 

1206.2 

20771.0 

2.5 

50 

55  LASR  INSP  HVBO  CIR. 

300.0 

1518.2 

1050.3 

27071.0 

7.4 

55 

02  IMPR0V0ANAL0CCIBA251 

100.0 

1736.1 

1001.6 

27171.0 

'18.4 

00 

41  automated  TNT  OMA 

375.0 

1711.4 

1005.5 

27546,0 

5.0 

01 

04  AUTO  PCS  TST  EO  4205 

150.0 

1086.1 

700.0 

27050.0 

12.2 

02 

7 gang  probe  htb  test 

40.0 

1SS7.1 

1317.7 

27730.0 

35,5 

03 

20  RF  PACKG  TECH  ONE  027 

140.0 

7505.0 

1011.5 

27870.0 

It.S 

04 

54  VAC  LOCK  CTNG  4132 

350.0 

1405.1 

1237.5 

20220.0 

5.2 

05 

15  hybrid  LIO  DEV  DNA2 

155.0 

1327.0 

500.4 

20421.0 

7.0 

00 

SO  III  V CMPNO  crvst  gr 

500.0 

1000.0 

200.3 

20921.0 

3.1 

07 

FO  AUIOPCBCOMPINSERT 

50.0 

1051.0 

541.5 

20571.0 

22.0 

1 

00 

too  ponlth  ceramic  cap. 

270.0 

053.1 

735.5 

25241.0 

4.3 

i 

05 

31  LON  COST  CAPACT  4S0S 

150.0 

051.5 

051.2 

25351.0 

0.7 

;; 

70 

2 PCB  CONFORM  coating 

215.0 

015.5 

000.7 

25000.0 

4,5 

71 

22  EBS  DEVICES  0NFni2 

200.0 

003.1 

2.5 

25880.0 

1*4 

72 

34  P0L7-8IL  COAT  AnSOS 

100.0 

034.4 

340.7 

25980.0 

7.3 

71 

02  HIERARCH. CONTROL 

100.0 

450.0 

355.7 

30000.0 

5.5 

t 

74 

33  GAAS  FET  4N2IB 

500.0 

275.4 

45.0 

30500. 0 

1.0 

75 

71  PROJECTION  LITH  54« 

120.0 

72.3 

25.0 

30700.0 

1.0 

70 

37  MICROCHANNEL  PL  *124 

250.0 

17.5 

•02.5 

30950. 0 

l.l 

77 

15  MNCS  MEMORT  A125M 

400.0 

1.5 

•70.5 

31350.0 

1.0 

• 70 

03  TACTILE  SENSORS 

550.0 

•45.3 

-255.6 

31500.0 

.5 

75 

55  AUTO  PHOTO  CATHA122 

350.0 

•82,1 

•120.4 

32250.0 

.0 

00 

10  SAM  REPLICAIN  ONANOS 

250.0 

•170.6 

•213.3 

32500.0 

.3 

01 

10  GA«AO  ICSMICROhaIPIB 

tooo.s 

•220.6 

•370.5 

33500,0 

.0 

02 

50  FP  TIC  FILT  arks 

000.0 

•232.0 

•416.4 

34100. 0 

• 6 

03 

05  GAAS  FET  TL  IM  aniOO 

1100. 0 

•442.0 

•071.3 

35400.0 

.» 

c c c c 
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Table  6.  Selected  Advanced  Technology  Projects 
# Title 

3)  Group  Technology 

10)  Interactive  Fault  Isolation  Hardware 

17)  Ion  Beam  Resistor  Trimming 

21)  E-Beam  IC  Mask  Preparation 

24)  Low  Cost  Ion  implementation  Machine 

33)  FaAs  FET/TWT  Replacement  (high  power) 

33)  GaAs  Microwave  Circuits 

65)  Ribbon  Sapphire 

70)  Laser  Welding  (cabinets) 

81)  Automation  Interface-Standardization 

82)  Hierarchical  Control  Program/Robotics 

83)  Tacticle/Visual  Sensor  in  Robotic  Arms 

84)  ReembodiriK'nt  of  Semiconductor  in  LSI 

85)  Integrated  Fiber  Optics  (airframes) 

88)  III-V  Compound  Crystal  Growth 

98)  CMOS/SOS  Manufacturability 
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